INTRODUCTION
Bactrocera oleae Gmel. is the most important olive pest. Regarding fruit production intended for processing into oil, damage can be quantitative and qualitative. Quantitative damage caused by larval feeding and premature fruit drop results in yield reduction. Qualitative damage is reflected in oil quality deterioration as a consequence of altered chemical parameters and organoleptic characteristics of olive fruits.
A particular type of damage, which is very important for production of table olives, is the aesthetic damage of fruits resulting from fly oviposition punctures.
Distribution and reproductive ability of the fly varies depending on enviromental conditions. On the Montenegrin seaside, B. oleae is present from the beginning of July to the end of December. In certain years, flight period lasted longer and adults were captured until the middle of January Perović et al., 2007 Perović et al., , 2009 ). The number of generations per year varies, and two or three usually develop. Regarding generation overlaps, it is difficult to distinguish them clearly (Mijušković, 1955; Mijušković et Mirčetić, 1957) . In years with particularly favorable enviromental conditions, the fly causes serious damage in olive production (Mijušković, 1999) .
The aim of this study was to determine the dynamics of pre-imaginal stages of olive fly and the percentage of infested fruits in order to determine an optimal timing for control measures.
MATERIAL AND METHODS
Investigation was conducted on the variety Žutica in an experimental olive grove at the Center for Subtropical Cultures in Bar during a three-year period (2004) (2005) (2006) . The main characteristics of Žutica variety are small fruits, high oil content in fruits and early ripening. Population dynamics of the pre-imaginal stages and fruit infestation were monitored from the beginning of July until the end of October. In that period, 40 fruits per sample were collected weekly from four different trees and examined in the laboratory under stereomicroscope. The following parameters were determined: number of eggs, larval instars (L1, L2 and L3), pupae, empty coccons and abandoned galleries in fruit.
Mean daily temperature (°C) and precipitation (mm) were also monitored during this trial. Meteorological data used in the paper were obtained from the Republican Hydrometeorological Service, Bar Center, about 500 m away from the experimental grove.
RESULTS AND DISCUSSION
On the Montenegrian seaside, B. oleae overwinters as pupae in soil and adults in treetops in olive groves. Eclosion of overwintering pupae occurs at the end of March and the beginning of April. New adults, as well as overwintering adults, are not able to continue reproduction before olive fruits have become attractive for oviposition. It usually occurs at the end of June and the beginning of July. High temperatures at the beginning of July are limiting for olive fly development, particularly for eggs and L1 larvae The beginning of infestation in all three years was detected at the end of July.
In 2004, the first L1 larvae were found on 27 th July, which was considered as the beginning of infestation (Table 1) . First instar larvae were present in the first decade of August and first pupae were detected on 17 th August. During July and August, the level of fruit infestation was below 5%. Low infestation level (14.4%) continued into the first and second decades of September, and it increased to 37.5% in the third decade. Infestation increased rapidly in October, reaching 97.5%. The highest number of eggs was recorded on 28 th September (25 in total), and the highest number of L1 larvae (102 in total) seven days later. A maximum number of L2 and L3 larvae was recorded on 12 th October, when the first abandoned galleries were found. The number of pupae, empty coccons and abandoned galleries highly increased in the second half of October, and peaked on 26 th October (28 pupae, 12 empty coccons and 80 abandoned galleries).
Development and reproductive ability of olive fruit fly are highly affected by environmental conditions. Temperature is one of abiotic factors that regulate olive fly abundance. High temperatures affect younger developmental stages. Temperatures limiting the development of young stages (eggs, larvae) are 9-11 o C (minimum) and 31-33 o C (maximum). Mean daily temperatures above 30 o C can destroy up to 80% of eggs and L1 larvae. The optimal temperature for pupal development is 22-25 o C (Lopez-Villalta, 1999), while a temperature of -10 o C persisting for 48 hours causes devastation of up to 95% of pupae in soil (Pucci et al., 1982) .
Air humidity is also important for development of the fly's pre-imaginal stages, particularly when it is combined with high temperature over long periods. Olive fruits then lose their moisture, which makes survival of the pre-imaginal stages difficult, and shriveled fruits are not suitable for oviposition. Temperatures ranging from 20 to 26 o C and monthly precipitation of 100 mm in July, August and September are favorable for development of all stages of olive fruit fly, while high summer temperatures and drought usually limit and delay population increase of B. oleae (Ricci et Ballatori, 1982) .
Mean daily temperatures, precipitation and levels of fruit infestation in 2004 are shown in Figure 1 . Low infestation in September was a consequence of high temperatures and drought in the period from 14 th August to 20 th September. After the first abundant rainfalls in the third decade of September, the level of infestation increased rapidly.
In 2005, infestation began on 26 th July when first eggs were found (Table 2 ). The level of infestation was low (up to 5%) until the middle of August. From the end of August it gradually increased and reached 38.7% by the end of September. All developmental stages of the pest were equally present in infested fruits from the beginning of September. The first abandoned galleries were recorded on 30 th August. Infestation in October was high, as much as 49.4-78.4%. The number of pupae, empty coccons and abandoned galleries was the highest in this period also. Low infestation in 2005, below 25% until the middle of September, was a consequence of unfavorable environmental conditions for olive fruit fly development, such as high temperatures and monthly precipitation below 100 mm (Figure 2) . After the first abundant rainfalls at the end of September, the level of infestation increased rapidly.
In 2006, first eggs and L1 larvae were detected on 2 nd August, which was considered the beginning of infestation (Table 3 ). The first oviposition maximum was reached seven days later. Infestation level was low during August, below 10%. The second oviposition maximum was on 30 th August, and the third on 20 th September. At the beginning of September, infestation was 38.1%. From 5 th to 13 th September infestation stagnated, but started increasing from mid-September and reached maximum (99.4%) by the end of October. The highest number of L1 and L2 larvae was found on 27 th September, and L3 seven days later. The number of pupae, empty coccons and abandoned galleries highly increased during October. The first abandoned galleries were registered on 6 th September and they were constantly present until the harvest. In 2006, enviromental conditions also highly affected the level of fruit infestation.
Infestation began in the first days of August, i.e. a week later than in the previous two years, and it was caused by high temperatures and insufficient precipitation in July (Figure 3) . After the first abundant rainfalls at the end of August, infestation increased rapidly.
The results of our three-year investigation showed that infestation began at the end of July. By the end of August, depending on environmental conditions, the level of fruit infestation reached 5-20%. In September and October, infestation multiplied, with an exception occurring in September 2004 when it was below 20%, as a result of drought, which lasted from 10 th August until 20 th September. In all three years of investigation, infestation exceeded 75% by the end of October. Our results showed that the developmental cycle of olive fruit fly in Montenegro corresponds to its cycle in other Mediterranean countries with similar enviromental conditions: Croatia (Škarica et al., 1996; Kotlar et Bičak, 2005) , Slovenia (Podgornik et al., 2007 (Podgornik et al., , 2008 , Central Italy (Spanedda et Terrosi, 2004) and Greece (Basilios et al., 2002) .
In infestation structure, eggs and L1 larvae were dominant until the middle of September. From mid-September until mid-October, all developmental stages of the pest (eggs, larvae and pupae) were equally present in infested fruits, while pupae, empty coccons and abandoned galleries prevailed in the period until the harvest. In 2004, the first abandoned galleries were found on 20 th October, in contrast to 2005 and 2006 when they were already present in September. This leads to an assumption that the warm autumn of 2004 gave larvae no signal of an approaching overwintering period, so that a majority of population continued development into the adult stage. Flight period lasted until the middle of January 2005 and it caused a population reduction that year. A similar phenomenon was reported by Spanedda and Terrosi (2004) in Central Italy, where the last generation of B. oleae in 2002 continued developing, so that the adult stage overwintered instead of the usual pupal stage. Adult population was completely destroyed by low winter temperatures, which caused an absence of infestation in the following year in spite of favorable enviromental conditions for pest development and many fruits.
In the observed three-year period, the highest infestation level was in 2006 (100%) and the lowest in 2005 (79%).
